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Reinforcement of Directionally Distributed Steel Fibers on Ultrahigh Performance Concrete

GOU Hongxiang, ZHU Hongbo, ZHOU Haiyun, YANG Zhenghong
(Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: Fine and short steel fiber was orientally distributed in the paste to prepare a ultra-high performance concrete (UHPC). The
compressive strength, flexural strength, flexural tensile strength, and the interfacial bonding strength between steel fiber and UHPC
matrix of the directionally distributed steel fiber UHPC (D-UHPC) and the disorderly distributed steel fiber UHPC (L-UHPC) at
different volume contents of steel fiber were analyzed. The results demonstrate that the compressive strength of L-UHPC firstly
increases and then decreases, and the compressive strength of D-UHPC continues to increase as the volume content of steel fiber
increases. The flexural strength of both types of UHPCs improves with the increase of the volume content of steel fiber. At the same
volume content of steel fiber, the flexural strength of D-UHPC is greater than that of L-UHPC. In the tensile fracture of the specimen,
the crack width produced by D-UHPC is narrower than that of L-UHPC, and D-UHPC has more small cracks by dispersing and
absorbing loads. The initial cracking deflection, ultimate tensile deflection, initial cracking strength, ultimate tensile strength, and
toughness index of D-UHPC all increase, compared to that of L-UHPC at the same volume content of steel fiber. Increasing the
embedding angle of the steel fiber decreases the peak value of the pull-out load and increases the deflection corresponding to the peak
value of the load, thus indicating that the direction of the steel fiber affects the mechanical properties of UHPC.

Keywords: steel fiber; orientation distribution; ultra-high performance concrete; mechanical properties; mesoscopic analysis
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Table 1 Chemical composition of cement and silica
fume w/%

Material Si0, ALO; FeO;3 CaO TiO, MgO SO; IL

Cement 20.99 443 344 6641 029 087 240 1.17

Silica fume 97.77 022 0.07 046 0.01 044 0.16 0.87

w is mass fraction.

SR FHBOEREE 73 A PR ASGI 5 7K e A AR 1) 400
kAR A e IREER AR, S5 R MK 2.

F 2 KRFNEEIRBIFRIRIE 5 K tE R

Table 2 Particle size distribution (by volume) and specific surface area of cement and silica fume

Diameter /um

Material Mean diameter/um Median diameter/um Specific surface area/(m>g ")
<10% <25% <50% <75% <90%
Cement 16.15 12.68 0.64 2.68 5.66 12.68 23.68 34.40
Silica fume 12.73 11.95 14.98 5.78 8.20 11.95 16.51 20.84
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1: Flat handle; 2: Flat support; 3: Handle; 4: Magnet block; 5: Iron block handle; 6: Iron block; 7: Fine and short steel fiber; 8: Forming mould; 9: Cement mortar
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Fig. 1 Test device and operation flow of fine and short steel fiber orientation distribution
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Table 3 Mix ratio of UHPC

Mass ratio/g

Sample
Silica o Fine and short
No. Cement Sand Water Superplasticizer
ume steel fiber

L1 100 1.1 88.9 20.0 0.7 6.7
L2 100 1.1 88.9 20.0 0.7 8.0
L3 100 1.1 83.9 20.0 0.7 10.0
L4 100 1.1 88.9 20.0 0.7 12.0
D1 100 1.1 83.9 20.0 0.7 6.7
D2 100 1.1 83.9 20.0 0.7 8.0
D3 100 1.1 83.9 20.0 0.7 10.0
D4 100 1.1 83.9 20.0 0.7 12.0

L: UHPC with random distribution of steel fibers; D: UHPC with directional

distribution of steel fibers.

9 101112 13 14 15 16

(2) (b)
2 BWETHEAEART b (a) AIAEZKYE I (b) R 5E 17 73 A1

Fig. 2 Directional distribution of steel fibers on paper (a) and
in cement slurry (b)
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